The aim of the study was to test the influence of breed, grazing system and concentrate level on fattening performance, carcass value and meat quality of steers.
Introduction
In the context of structural changes in agriculture, labour and cost extensive cattle fattening on pasture is gaining more and more importance, especially in grassland regions. Recent studies have focused on the effects of feeding practice, sex and genetics on carcass value and meat quality of pasture fattened cattle (e.g. Steen et al. 2003 , Keane & Moloney 2009 , Velik et al. 2010a . Studies by Scheeder (2007) , Scheeder et al. (2007) and Velik et al. (2009) showed that especially meat from steers can be classified as high quality beef. The reason therefore is in particular a changed hormone metabolism caused by castration which leads to a higher fat concentration in muscle tissue (Schwarz 2003) . This increased intramuscular fat (IMF) content has a positive effect on tenderness as well as taste and flavour (Razminowicz et al. 2006) .
On a worldwide scale high quality beef is mainly produced by steers. However, on the German beef market meat from intensively fattened young bulls and selected dairy cows predominates. Such intensive production is possible in regions with high maize cultivation. Conversely, in less favoured grassland regions it is necessary to investigate new production alternatives based on natural resources and low additional feedstuffs. Thus, in the last few years the continuous grazing system (CGS) was established in Germany, especially in dairy farming as well as in cattle rearing. The CGS used as intensive permanent pasture is characterized by high yields and high quality of grassland. The rotational grazing system (RGS) can be used as a semi-intensive grazing system (Weindl et al. 2012) .
Despite a stagnating per capita consumption of beef in Germany, there is still a growing demand for high quality and sustainably produced beef. This beef is mainly produced by steers or heifers fattened on pasture with high nutrient quality. It is mostly marketed locally or by branded meat programs (Scheeder 2007 , Velik et al. 2009 ).
The purpose of the current study was to develop alternative concepts for beef production based on grassland.
The following questions were investigated in detail: Which fattening performance and carcass quality can be obtained with German Simmental (GS) and German Holstein (GH) steers reared in a production system based on grass, grass products and the supply of low and medium amounts of concentrate?
Which grazing system (CGS vs. RGS) is suitable for fattening steers? How does semi-intensive fattening of steers influence the parameters of meat quality?
Material and methods
The study was conducted at the research station »Zurnhausen« of the University of Applied Sciences Weihenstephan-Triesdorf, near Freising, southern Germany (48° 26 N; 11° 46 E), 493 m above sea level.
Calf purchase and rearing
A total of 104 bull calves (52 GS, 52 GH), delivered by the Producers' Association for Fatstock, Allgäu w.V. (Kaufbeuren, Germany), were stabled in deep litter in October 2010. At the point of purchase the mean age was 4.3 weeks (GS 5.1 weeks, GH 3.5 weeks) and the mean weight was at 71 kg (GS 76 kg, GH 65 kg). Three animals left the group within the first few weeks due to health problems. During the first seven weeks the calves received six litres of milk replacer (MR) mixture (125 g MR/l) per day and were weaned at week eight. In addition they were fed with grass silage, hay and concentrate until the fattening period in January 2011. In the rearing phase (101 days) the average feedstuff intake per animal and day was: 750 g MR, 1.5 kg concentrate, 1.1 kg hay and 1.8 kg grass silage. The mean weight gain was 853 g/d (GH) and 909 g/d (GS).
Fattening of steers
The study was designed to compare two different genetic breeds (GS vs. GH), two grazing systems (CGS vs. RGS) and two levels of concentrate (M vs. L). A symmetric set-up (breed, grazing system, concentrate level) was used for the experiment. The study involved four phases (January 2011 to October 2012; Table 1 ). Table 2) . Tables 3 and 4 show the nutritional composition of the grass silage and the concentrate. The grass silage was allotted through a feed mixer. The concentrate was given manually twice a day. The feed intake was registered per pen.
Phase 2 (P-2) In early May 2011 the animals were randomized to the grazing areas at »Zurnhausen« (CGS and RGS). The animals were divided into two groups (48 animals each, one half each GS and GH). The mean livestock density was 27 animals/ha (RGS) at a mean retention period of four days and eight animals/ha (CGS). The nutritional composition of the pasture is displayed in Table 3 . Further information about feed quality of pastures is reported in a previous study by Weindl et al. (2012) . Endoparasitic and ectoparasitic treatments were carried out routinely at the beginning (oral administration) and at the end (pour-on preparation) of the grazing season, as well as after a confirmed infestation in mid-summer. Phase 3 (P-3) At the end of October, 72 animals were again stabled at the research pen »Hirschau« (group indoor) and 24 animals remained in free-range husbandry at »Zurnhausen« (group outdoor). The husbandry groups »outdoor« and »indoor« had been randomly selected at the beginning of the study, with 24 animals each (in each husbandry group: six GH, six GS, six CGS and six RGS). More detailed information on outdoor husbandry has been published by Weindl et al. (2013) . Both groups were offered grass silage ad libitum and restricted amounts of concentrate (group M 1.5 vs. group L 0.75 kg/animal/day) over a period of 93 days. The outdoor group was offered the medium level (M) using electronic feeding on demand. Two animals from the indoor group were rejected, one due to health problems and the other due to signs of increased reactivation of testis.
Phase 4 (P-4) In spring (April 2012) the animals were relocated to the grazing areas. The groups remained the same as in P-2, as well as the anti-parasite treatment. The mean livestock density was 14 animals/ha (RGS) at a retention period of seven days and five animals/ha (CGS). In addition to pasture a mixture of minerals was supplied ad libitum (licking bowls). 28 days prior to slaughtering concentrate was fed according to their grouping in P-3 by electronic feeding on demand. The concentrate mixtures in P-4 differed in composition (linseed oil vs. rapeseed oil) in order to intentionally alter the fatty acid composition of the carcasses (Table 4) .
Data collection

Feedstuff
The nutritional compositions of pasture, silage and concentrate are shown in Table 3 . They were analysed according to the near-infrared spectroscopy (NIRS)-method and AOAC (1990). Additional detailed information on the methods and sampling as well as on pastures and natural landscape units can be found at Weindl et al. (2012) . A sample was taken from each grass silage feedstuff mixture and the dry matter (DM) was analysed. Samples were collected every 14 days, mixed and analysed at the laboratory of the Board of Trustees of the Producers' Association for Animal Husbandry Bavaria (LKV) of the Bavarian State Research Centre for Agriculture (LfL) in Grub. For the arithmetic average please refer to Table 3 . The composition and the components of the concentrates used can be found in Tables 2 and 4 . These were analysed by the TUM-Bioanalytik in Weihenstephan.
Animal data All animals were weighed monthly. The last weighing was conducted on the day before slaughter and represents the final weight.
Slaughter After a fasting period of 24 h 94 steers were slaughtered at the research slaughterhouse of the Bavarian State Research Centre for Agriculture (LfL) in Poing-Grub. Prior to the slaughter the animals were weighed. The weight of kidney fat and the carcass weight of the warm carcass were recorded. The classification of the carcasses was carried out according to the EUROP-scheme (15-point scale). After slaughter the carcasses were cooled to 2-4 °C for 24 h. The cold carcass weight, the carcass length, the leg parameter, the leg spiral dimension, the longissimus area and the pistol weight were determined. The marbling was defined at the cut surface of the pistol according to a 5-point scale. For quality determinations of meat quality samples of M. longissimus dorsi between the 9th and 10th ribs were collected, likewise approximately 500 g of the M. semitendinosus were extracted.
Meat quality
To determine meat and fat colour a spectrophotometer (Minolta CM-508i, Konica Minolta, Marunouchi, Japan) was used. The colour values are given according to the L*a*b-system (CIELAB-system, CIE 1976). The fat colour was determined in a fresh cut area at the leg. The meat colour of the M. longissimus dorsi was also determined with a fresh cut 24 h after slaughter. The IMF was determined through NIRS measuring of the M. longissimus dorsi samples (9th rib). Samples with similar NIRS test results were then analysed in a wet chemical analysis (acid hydrolyses with extraction of soxhlet, modified method according to § 35 LMG, L 06.00-6). To determine the tenderness, a 2.5 cm wide slice from each muscle sample (M. longissimus dorsi (10th rib) and M. semitendinosus) was vacuum-sealed in a plastic bag and, after weighing, stored at 4 °C in a refrigerator with air circulation for 13 days. After 13 days the weight reduction through storage was determined. The pH-value was then measured. The samples were cooked in hot water up to a core temperature of 70 °C. After cooling down for an hour the reduction through cooking was determined. After 24 h storage in a refrigerator 10 single samples were taken per muscle sample and cut in fibre direction with a double-bladed scalpel (sample diameter 1×1 cm). To determine tenderness, the shear force was measured with an Instron (type 4301). Evaluated were Warner-Bratzler shear force at maximum level (in N) and shear force (in kg/cm²).
Statistical analysis
The data were statistically analysed with the software SPSS v20.0 (IBM, New York, USA). All parameters were subjected to a three-factorial analysis of variance according to the General Linear Model. The following statistical model was used:
where Y ijk is the observed value of i jk animal, µ is the population average, A i is the fixed effect of the i breed (GS, GH), B j is the fixed effect of the j grazing system (CGS, RGS), C k is the fixed effect of the k concentrate level (M, L), b is the partial regression on the age of the animals (except for initial weight in P-1) and e ijk is the residual error. Differences were each tested by means of the F-test. After robust F-test results the means were compared by use of the Tukey-test. An interaction between factors was not shown. The growth pattern for both breeds was described by using a cubic regression:
where y is the body weight of animal and x is the age.
Results
Feedstuff Table 3 shows components and feed value of samples from pasture and grass silage. It shows that the energy and crude protein contents of the samples from pasture are higher in P-4 than in P-2. Additionally the CGS pasture presented better nutritional quality than RGS pasture. The yields in P-2 were 13.5 t/ha (CGS) and 10.7 t/ha (RGS). The nutritional composition of the grass silage was similar, except for P-1; it corresponded to another harvest period. The components of the concentrate mixtures for P-1 and P-3 were nearly identical (Table 4) . In P-4 concentrates two different lipids (fatty acid composition) were used (linseed vs. rapeseed).
The set of fat components resulted in different metabolic energy levels. These differences did not impact the analysed parameters in the present study.
Feedstuff intake
The animals' average feed intake according to the phase results are summarized in Table  5 . The total concentrate intake over the whole fattening period was 191 kg per steer for group L and at 275 kg per steer for group M. However, 13 animals (five GS and eight GH) had difficulties accepting the feeding station in P-4, for this reason they consumed less than 6 % of the supplied concentrate during this final phase. In reference to the total metabolic energy intake, the concentrate accounts for about 5.1 % in group M and 3.6 % in group L of the total intake of the ME. Figure 1 represents the growth development of live weight of GS and GH steers with a regression curve (R²=0.98 for GS and GH). German Simmental steers show in P-2, P-3 and P-4 higher daily weight gain (DWG) than GH (740 vs. 720 g; 780 vs. 730 g; 960 vs. 850 g). The same trend was observed in the LS mean values (789 vs. 736; 754 vs. 685; 750 vs. 687 g) . Nevertheless, the obtained DGWs in P-4 through the regression curves were higher than the LS mean values. Table 6 describes the results of the fattening performance. German Simmental breed showed significantly better results in all parameters of the fattening performance (P<0.05); except for the initial weight in P-2 and for the weight after the period of fasting. The development described in Figure 1 resulted in a significantly higher final weight in favour of breed GS. The targeted final weight of 625 kg was exceeded by 6 kg by the group GS, while group GH undercut it by 17 kg. In reference to the actual age at slaughter the two groups differed by only three days (GS 742 vs. GH 745 days of age). In regard to the grazing system, animals of the CGS showed higher initial weight in P-4 than animals of the RGS. The levels of concentrate had no significant effect on the studied parameters.
Fattening performance
Carcass value
The results of the carcass value are displayed in Table 7 . All the studied parameters were affected for breed, except the net weight gain and kidney fat. German Simmental animals presented higher values than GH animals. The grazing system significantly influenced only the carcass weight and the dressing percentage. In both cases group CGS is superior to group RGS. Animals of CGS tend to show a higher pistol weight (70.1 vs. 68.9 kg), a larger longissimus area (54.5 vs. 52.3 cm 2 ) as well as a better conformation score (5.7 vs. 5.2 points). Level of concentrate did not significantly impact any of the parameters listed in Table 7 (P>0.05).
Meat quality
In regard to the meat quality GH steers showed a significantly (P<0.05) higher IMF content (3.89 vs. 2.47 %) and marbling (2.77 vs. 2.09 points) than GS steers, as could be observed in Table 8 . In the M. longissimus dorsi evaluated parameters, animals of the breed GH showed significantly (P<0.05) lower tenderness values: WBSF max. (66.35 vs. 82.95 N) and shear force (4.89 vs. 6.11 kg/cm2), than animals of the breed GS. However, this effect could not be observed in the M. semitendinosus (P>0.05). The meat of breed GS showed a significantly higher cooking loss (25.93 vs. 24.70 %). In regard to meat colour, the breed GH showed significantly higher a* and b* values (13.32 and 3.49 vs. 12.79 and 2.65). German Holstein steers had a significantly lighter and more yellow fat colour (64.49 and 14.16 vs. 63.83 and 12.83). The grazing system impacted only the fat colour (CGS higher yellowness b*, RGS higher L* value). 
Discussion
Fattening performance
The genotype has a decisive effect on the fattening performance and the carcass value of fattened animals as it was shown by Chladek & Ingr (2003) and Nuernberg et al. (2005) . They reported that final weights were lower than the reached final weights in the present study at the same age. To reach a high final weight appropriate feedstuff intake and DWGs are necessary. A significant impact of breed on the DWG has already been observed by Nuernberg et al. (2005) . The grazing system does influence the fattening performance as either. Parameters like livestock density, yield, average height, vegetative stage and species composition influence significantly the DWG of fattened animals (Chassot & Troxler 2006 , Fraser et al. 2009 ). Chassot & Troxler (2006) , Fraser et al. (2009) as well as Steen et al. (2003) reached significantly higher DWGs in crossbred steers. Keane & Moloney (2009) on the other hand describe results similar to the present study. However, when continuous grazing system and rotational grazing system were compared in the study of Häusler et al. (2006) , heifers generally showed considerably higher DWGs than the steers in this study. The conspicuously low DWGs on CGS in P-2 were on the one hand caused by an extended dry period which led to a low average height of the pasture and on the other by an established infestation with endoparasites in group CGS, which had to be treated, despite a precautionary deworming treatment. Except the initial weight in P-4, no significant differences between both grazing systems were detected, as far as the parameters for the fattening performance are concerned, which is in accordance with Häusler et al. (2006) . The generally higher fattening performance of group CGS was consistent with the higher nutritional value of the pasture in this grazing system (Table 3) . In contrast Thomet et al. (2000) described a yield which is up to 8 % lower on CGS compared to RGS. For the authors the targeted average height of growth on pasture of 6-8 cm was in part considerably undercut due to the high feedstock density. Despite a relatively high feedstock density, especially in P-4, the present study shows a sustained increase in DWGs on both grazing systems. While it is true that by significantly undercutting the average height the fattening performance deteriorates, the yield per unit though rises and therefore the animals can still absorb enough biomass to transpose into meat, provided the feedstock density is kept low (Parsons et al. 1983 , Yarrow et al. 1996 .
Carcass value
While the dual purpose breed GS invests absorbed nutrients into a higher meat accretion, dairy breeds like GH use them for increased organ and bone growth (Breier & Sauerwein 1995 , Pfuhl et al. 2007 ). This fact significantly impacts, besides the fattening performance, almost all studied parameters of the carcass quality. The results for the carcass yield are in accordance with results that Warzecha et al. (1999) showed for bulls. The obtained values of net weight gain were similar to those observed by Scheeder et al. (2007) . Similarly the weight of kidney fat and the longissimus area were consistent with the reports by Frickh (2001a) . The results for the conformation score of the breed GS can also be found at French et al. (2001) and Keane & Moloney (2009) for crossbred steers of a meat breed kept on pasture. French et al. (2001) described a higher fatness score but Keane & Moloney (2009) showed similar results to the reached values in this study. According to Steen et al. (2003) , Keane & Moloney (2009) and Velik et al. (2010a) pasturing steers and heifers ordinarily result in a lower fat cover of the carcass and a decreased conformation, which is in accordance with the results for GH breed. One reason for the significant effect of grazing system on carcass weight and dressing percentage could be the animals' differing amounts of feedstuff intake. While it takes the animals on CGS a relatively long time to intake feedstuff due to the low average height of the pasture, these animals rarely reach a rumen fill comparable to animals on RGS. This implies that the ruminal passage rate in CGS group was higher and the loss through fasten must be smaller than in the group RGS, which turned out to be true. This assumption might possibly prove why the group RGS reached a lower final weight, as the proportionate weight loss after fasting period is higher due to a better rumen fill. Another reason is the better quality of CGS pasture. Wiegand et al. (2006a) pointed out that the different composition of pasture grass and leguminous crops could be a possible cause. The calculation of the allotted amounts of concentrate were done according to Chassot & Dufey (2006 , 2008 , in order to save on concentrate. However as a result, the low amount of concentrate (M: 275 kg/animal; L: 191 kg/ animal) neither significantly impacted the parameters of the fattening performance nor those of the carcass quality.
Meat quality
The significant effect of breed on the IMF content and on the measured parameters in M. longissimus dorsi are similar to the findings of Frickh (1997) and Nuernberg et al. (2005) with higher contents for GH breed. The observed low shear force value of GH was consistent with its high IMF content. While Roffeis et al. (1999) observed similar results, Frickh (2001a), Chambaz et al. (2003) and Velik et al. (2010b) found lower values. These differences are likely due to the different measuring methods. Additionally, it is probably insufficient meat maturation, although reductions of pH-value and juice retention properties do not indicate that. However, according to Wiegand et al. (2006b) the meat of extensively fattened animals generally has a delayed meat maturation compared to intensively fattened animals. This might possibly have led to lower results. In this study had the measuring been done after a prolonged meat maturation. The lower daily weight gains in pastured animals and thereby the higher age at slaughter can be eliminated as the main cause of high shear force values, at least according to the studies done by Velik et al. (2009) and Scheeder et al. (2007) . Moloney et al. (2011) similarly were not able to detect increased shear force values for cattle fattened on pasture after 14 days of meat maturation. Lower levels of drip loss and grilling loss of GH bulls in comparison to GS bulls were also shown by Frickh (1997) . Branscheid & Augustini (1991) showed that the M. semitendinosus features a higher grilling loss in comparison to the M. longissimus dorsi, which here in turn might be applied to the correspondingly higher cooking losses in the M. semitendinosus. In regard to the meat colour, the lightness values of the meat were similar to those observed by Kim et al. (2003) and Frickh (2001a) . Contrary to our findings, Szücs et al. (2001) did not report on differences between breeds for a*. However, Frickh (1997) as well states differences between breeds for a* (GH 5.4 vs. GS 4.2) but they were lower compared to our findings. Probably the high values are due to the animals' age (Priolo et al. 2001) or due to the measuring methods. The observed darker meat colour in this study had already been shown by other authors (Schwarz 2003 , Nuernberg et al. 2005 , with pastured animals. Whether this was caused by the animals' age (Schwarz 2003) or by a higher myoglobin concentration in the pastured animals' muscle (Nuernberg et al. 2005) remains unclear. An influence of breed on meat yellowness could not be confirmed in the literature for the studied breeds. Only Frickh (2001b) has conducted a comparison of breeds (GS vs. Pinzgauer) and found higher b* values in Pinzgauer animals. The higher b* values obtained in the meat of GH in the present study were related with its higher IMF content.
In regard to fat colour, similar results were found in the studies of Frickh (2001a) and Velik et al. (2009) . The significantly higher values for the breed GH can be explained by the works of Walker et al. (1990) and Barton & Pleasents (1993) , according to whom dairy breeds display a markedly more yellow fat colour than meat breeds do. In general the intensive fat yellow colour of pastured animals was caused by the high carotenoid content of forage (Noziere et al. 2006 , Dunne et al. 2006 . The reason for the significant effect of grazing system on the fat colour was consequently caused by an elevated β-carotene intake of animals from CGS group. Noziere et al. (2006) summarized that the carotenoid concentration decreases with forage age. That implies that as a result of its lower age the CGS pasture contained a higher share of foliage compared to RGS pasture and involved a higher content of nutrients and consequently a higher content of ß-carotenes.
In conclusion, pasture based fattening of steers with low allowances of concentrate yielded satisfactory results for the fattening performance and the carcass quality. While steers of the breed German Simmental showed superiority in these parameters, the meat of German Holstein steers displayed an improved meat quality. The grazing system has a limited impact on the mentioned parameters. Due to the higher nutritional value of the pasture, animals reared on continuous grazing system showed slightly better carcass values. The low and differing provisions of the supplementary concentrate (L: 191; M: 275 kg per steer) did not have any influence on the evaluated parameters.
